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DESCRIPTION 

SINGLE-LIP DRILL AND METHOD FOR ITS MANUFACTURE 
FIELD OF USE AND PRIOR ART 

[001] The invention relates to a single-lip drill and to a method for its 
manufacture. The single-lip drill has a drill head provided with a blade or 
bit. The bit has a cutting edge for the machining by cutting of a work- 
piece. With the cutting edge is associated at least one chip former for 
shaping the chips cut off by the cutting edge. 

[002] Single-lip drills are standard drills used in deep drilling. Deep drill- 
ing is a cutting method for producing or making holes. Deep holes are 
normally those having a diameter between approximately 1 and 1500 
mm and having a depth starting from approximately three times the di- 
ameter. Single-lip drilling is a special variant of deep drilling, where use 
is made of a single-lip drill. Single-lip drills can be subdivided into those 
with a bit ground on the tool and those having a replaceable bit, e.g. in 
the form of a cutting tip or reversible cutting tip. Single-lip deep drilling is 
preferably performed with diameters from approximately 0.8 to 40 mm. 
The cooling lubricant or coolant supply takes place through one or more 
holes in the interior of the drill. The coolant is a substance which is used 
during separation and working of workpieces for cooling and lubricating 
purposes. The draining off of the coolant-chip mixture in the case of the 
single-lip drill takes place through a longitudinal groove or corrugation on 
the outer tool shank. The use of large coolant quantities is ecologically 
objectionable, because the coolant-chip mixture constitutes waste mate- 
rial, which must be disposed of or reprocessed. Thus, increasingly use 
is made of minimum quantity lubrication, in which the lubricant quantity 
used is reduced to the absolute minimum. However, despite the limited 
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coolant quantity, a problem is to ensure an adequate chip removal in or- 
der to ensure a good deep drilling process quality. 

PROBLEM AND SOLUTION 

[003] The problem of the invention is to provide a single-lip drill of the 
aforementioned type, which operates in a production-reliable manner 
even in the case of minimum quantity lubrication and which in particular 
has a high wear resistance. 

[004] This problem is solved by a single-lip drill having the features of 
claim 1 and by a method for its manufacture having the features of claim 
1 5. Further developments of the invention appear in the subclaims. By 
reference the wording of all the claims is made into part of the content of 
the description. 

[005] The single-lip drill according to the invention is characterized in 
that it has a chip former with a positive rake angle. 

[006] In the sense of the present application a single-lip drill is of the 
type with a drill head with a bit formed thereon. In particular, the bit is 
integrally connected to the drill head and is e.g. ground into the latter. 

[007] The bit or cutting wedge in the sense of the application is under- 
stood to mean the single-lip drill area participating in chip production. 
The cutting wedge is bounded by the tool face which can come directly 
into contact with the cut off chips and the clearance. The chip surface is 
the surface on the cutting wedge against which feeds the chips. The 
surface on the cutting wedge facing the resulting workpiece surface or 
machining surface is called the clearance. The line where the tool face 
and the clearance contact one another is known as the cutting edge. 
The rake angle designates the angle between an imaginary line perpen- 
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dicular to the machining surface of the workpiece to be machined and 
the tool face at the cutting edge. There can be several cutting edges, 
e.g. an outer bit and an inner bit. The wedge angle is the angle between 
the tool face and the clearance and the clearance angle is the angle be- 
tween the machining surface and the clearance. Chip formers or break- 
ers are used for forming or breaking chips and are provided in those 
cases where chip breaking is not ensured. This can e.g. arise if the de- 
formability of the workpiece is very high and a "continuous chip" is for- 
med, which only breaks very late without a breaking aid. With each cut- 
ting edge can be associated at least one chip former, e.g. the outer bit 
can have a chip former and the inner bit another chip former. 

[008] The positive rake angle on the chip former of the inventive single- 
lip drill ensures that unlike in the case of e.g. conventional single-lip drills 
with a 0° rake angle, the cut off chip no longer feeds against the tool 
face at right angles, but instead in sloping manner, because the tool face 
is inclined with respect to the imaginary line perpendicular to the machin- 
ing surface. Thus, on meeting the tool face the chips are less strongly 
compressed, so that the loading of the tool face produced by the imping- 
ing chips and which can e.g. lead to heat evolution due to the friction be- 
tween chips and workpiece, is relatively limited. Thus, a so-called "soft" 
cut is produced. Thus, the single-lip drill according to the invention can 
be used in production-reliable manner with minimum quantity lubrication, 
e.g. with compressed air or when using coolants having a low viscosity. 

[009] A further advantage of the single-lip drill according to the invention 
is that a planned chip shaping of the cut off chips is possible and can be 
adapted to minimum quantity lubrication conditions. For reliable chip 
removal by the coolant, it is firstly necessary for the chips not to exceed 
a given size, because otherwise they would not be reliably carried along 
through the limited space within the corrugation. This can lead to the 
chips collecting in the vicinity of the bit, so as to impede the drilling proc- 
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ess. In the case of conventional single-lip drills with a rake angle of O0, 
the problem of a long-breaking chip does not normally arise, because as 
a result of the strong chip compression on the tool face usually a short- 
breaking chip is formed. However, extremely short chips are also not 
reliably removed when using coolants with a low viscosity, because they 
do not offer an adequate resistance. As a result of a chip breaker with a 
positive rake angle chips are formed which are small enough to be relia- 
bly moved and on the other large enough to offer low viscosity coolants 
an adequate removal application surface. 

[010] The rake angle of the chip former is preferably 10° to 30°, particu- 
larly 15° to 25°. 

[01 1] The chip former can have areas with different positive tangent an- 
gles, so that the chip sliding along the chip former is compressed or de- 
formed to a different extent in different areas. The tangent or tool face 
angle is the angle between an imaginary line perpendicular to the ma- 
chining surface of the workpiece to be machined and a tangent on the 
tool face, excluding the area directly at the cutting edge. The angle di- 
rectly at the cutting edge is called the rake angle. Preferably the rake 
angle at the cutting edge is positive, so that the chips are not very com- 
pressed there, so that the surface loading caused by the impinging chips 
on the cutting edge is relatively small. Preferably on passing through the 
chip former the chips subsequently arrive in areas where the tangent 
angle is smaller compared with the "cutting edge" area, so that it is more 
strongly compressed there. The chips can pass through areas with an 
approximately 0° tangent angle or even a negative tangent angle with 
strong chip compression. At some time chip compression or loading is 
so great that the chip breaks. 

[012] According to a further development of the invention, the chip for- 
mer has a chip guide face for guiding the chips and a chip break section 



t. * 

P 42551 WO/US 



-5- 



for breaking the chips. Preferably the chip guide face is the area sub- 
stantially directly adjacent to the cutting edge and against which the 
chips are fed just after removal. Preferably the chip guide face has a 
relatively large, positive rake angle and areas with a unitary tangent an- 
gle virtually identical to the rake angle or areas with different positive 
tangent angles. The chip break section is preferably connected directly 
to the chip guide face. There, compared with the chip guide face, there 
can be smaller positive tangent angles, a 0° tangent angle or even a 
negative tangent angle, which can bring about chip breaking. 

[013] In particularly preferred manner the chip break section is located 
at a distance from the cutting edge suitable for setting a desired chip 
size. This allows a planned chip size setting of the cut off chip. By vary- 
ing the distance between the chip break section and the cutting edge it is 
possible to produce chips with a different size and shape, which are 
adapted in optimum manner to the given coolant conditions, particularly 
to minimum quantity lubrication conditions, i.e. can be reliably removed. 

[014] As to when the chip breaks in the chip break section is dependent 
on different influencing factors, which should be taken into account when 
fixing the spacing. Such influencing factors are e.g. the workpiece mate- 
rial characteristics of the workpiece to be machined, particularly its de- 
formability, the working speed of the drilling process, etc. 

[015] The spacing can e.g. be 0.2 to 1.5 mm, particularly 0.3 to 0.6 mm. 

[016] Preferably the chip former or breaker is constructed in the form of 
a slot or channel adjacent to the cutting edge. The slot-like chip former 
can be subdivided into two areas. A first, particularly arcuately curved 
area, can extend from the cutting edge to a slot bottom. This area can 
be referred to as the chip guide face. Preferably the positive tangent 
angle which can be determined by applying a tangent to the curvature, 
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more particularly continuously decreases therein towards the slot bottom 
until finally on the latter an approximately 0° tangent angle is reached. A 
second, particularly arcuately curved area can extend from the slot bot- 
tom to a boundary surface with respect to the corrugation provided for 
removing the coolant-chip mixture. This area can be referred to as the 
chip break section and, starting from a substantially 0° tangent angle at 
the slot bottom, it can become ever more negative towards the boundary 
surface. 

[017] It is alternatively possible for the chip guide surface of the chip 
former not to be curved and instead to be in the form of a sloping sur- 
face with a uniform, positive tool face or tangent angle. This sloping chip 
guide surface can be followed by a curved or radius-provided chip break 
section. 

[018] According to a further development of the invention a functional 
coating is provided on at least one functional surface of the single-lip 
drill. Functional surfaces in the sense of the application are in particular 
those surfaces which fulfil a specific function during the deep drilling 
process, e.g. the cutting off of chips, the supporting of the drill in the 
hole, the removal of chips, etc. In particularly preferred manner the 
functional surface is the chip former used for chip shaping purposes. At 
least the chip former, particularly its chip guide face and chip break sec- 
tion can be provided with the functional coating. 

[019] It is possible to provide the functional coating on several or all the 
functional surfaces participating in the cutting process. The functional 
coating can be provided on all the functional surfaces directly in contact 
with the workpiece. This can e.g. relate to the work guides and cylindri- 
cal margin used for supporting the single-lip drill in the hole. These func- 
tional surfaces also include the area of the cutting edge which is in con- 
tact directly both with the workpiece and with the cut off chips. Addition- 
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ally the clearance and boundary surfaces of the chip-removing corruga- 
tion can be provided with the functional coating. 

[020] One function of the functional coating is to increase the wear re- 
sistance of the drill, particularly at high cutting speeds. As a result of the 
functional coating abrasion of the single-lip drill on contact with the 
workpiece to be worked, particularly in the vicinity of the cutting edge, is 
reduced. In addition, there is a prevention of cratering, which can arise 
when chips slide on the chip former and chip out material from the struc- 
ture of the latter. Another advantage of the functional coating is that ad- 
hesion between the single-lip drill and the workpiece to be worked is re- 
duced. It in particular prevents, especially at high pressure levels be- 
tween the single-lip drill and the workpiece, a welding together of the 
workpiece material and the bit known as a "built-up cutting edge". 

[021] The functional coating can at least partly comprise a hard mate- 
rial, particularly a metallic hard material. Preferably a nitride or carbide 
is used as the metallic hard material. However, it is also possible to use 
a boride or silicide. In particularly preferred manner use is made of a 
light metal nitride, particularly titanium aluminium nitride. 

[022] It is alternatively possible to use nonmetallic hard materials, e.g. 
diamond, boron carbide or boron nitride. 

[023] The functional coating can have several, particularly superim- 
posed layers. It can have at least one hard material layer and at least 
one soft material layer adjacent to the hard material layer, the latter 
forming an outer layer or surface. 

[024] The invention also relates to a method for the manufacture of a 
single-lip drill having the features of the independent claim 15. 
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[025] The inventive method is characterized in that firstly a drill head 
with a typical single-lip drill geometry is manufactured. This in particular 
involves the manufacture of the drill head from a raw material, e.g. by a 
sintering process, the formation of a coolant channel for the supply of 
coolant, the formation of a corrugation for removing the coolant-chip mix- 
ture, the formation, particularly by grinding in of the bit, etc. 

[026] Another step in the inventive method is the formation of a chip 
former or breaker in the vicinity of the single-lip drill bit. Finally, at least 
one functional surface of the single-lip drill is provided with a functional 
coating. Firstly the shaping of the drill head is completed and then a 
functional coating is applied, so that at least the chip former is also pro- 
vided with the functional coating. This significantly differentiates the in- 
ventive method from conventional methods, where in the final step the 
chip former is ground in, so that any coating on the latter has to be 
ground away again and then the chip former no longer has a coating. 

[027] For further details of the method reference is made to the above 
description and the subsequent description relative to the drawings. 

[028] These and further features can be gathered from the claims, de- 
scription and drawings and the individual features, both singly and in the 
form of subcombinations, can be implemented in an embodiment of the 
invention and in other fields and can represent advantageous, inde- 
pendently protectable constructions. The subdivision of the application 
into individual sections and the subheadings in no way restricts the gen- 
eral validity of the statements made thereunder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[029] Embodiments of the invention are illustrated in the attached draw- 
ings, wherein show: 
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Fig. 1 A perspective view of an embodiment of a drill head of the sin- 
gle-lip drill according to the invention. 

Fig. 2 A front view of the single-lip drill of fig. 1 . 

Fig. 3 A side view of the single-lip drill of fig. 1 . 

Fig. 4 A larger scale representation of detail X in fig. 3 during the re- 
moval of a chip and the bit geometry. 

Fig. 5 On an even larger scale detail X, showing the different areas of 
the chip former and a multilayer functional coating. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[030] Fig. 1 shows an embodiment of the single-lip drill according to the 
invention, merely showing the drill head 11. Single-lip drills essentially 
comprise a drill shank and a drill head 1 1 more particularly integrally 
joined to the shank, or a solid hard metal or carbide tool. The shank is 
joined to the drill head 1 1 preferably by a soldering process, e.g. by 
brazing. The drill shank is connected to a clamp collar, which is in turn 
fixed in a tool mounting of a single-lip deep drilling machine. The shank 
or the solid hard metal tool can be firmly connected, particularly inte- 
grally with the clamp collar, e.g. by an adhesive or soldered joint. 

[031] The single-lip drill together with the clamp collar is also referred to 
as a single-lip deep drilling tool. 

[032] The drill head 11 has a blade or bit 12 formed in the vicinity of the 
end face thereof, a cooling lubricant or coolant supply channel 13 in the 
interior of the drill head 11, a groove or corrugation 14 for removing the 
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coolant-chip mixture and work guides 15 on the circumference and 
which during the drilling process are in direct contact with the workpiece 
to be machined and guide the single-lip drill in the hole. 

[033] The drill head is made from hard material, which allows a machin- 
ing by cutting of the workpiece 16. The hard material is preferably a 
hard metal. 

[034] In the case of the single-lip drill coolant supply typically takes pla- 
ce through the coolant supply channel 13 in the interior of the drill and 
which extends from the drill shank to the drill head 1 1 along a drill axis 
23 and which terminates at the end face of the drill head 1 1 in a coolant 
outlet. In the case of deep drilling the coolant has a number of functions, 
It lubricates the bit 12 and work guides 15 and therefore reduces friction 
and wear to the single-lip drill. Another function is cooling, i.e. the dissi- 
pation of heat from the tool and workpiece 16. Finally, the coolant en- 
sures a continuous chip removal of the cut off chips 22. Coolants for 
deep drilling are generally not water-miscible coolants, particularly deep 
drilling oils. Optionally it is possible to provide additives for improving 
the use characteristics, e.g. for reducing wear. 

[035] The outer corrugation or groove 14 for the removal of the coolant- 
chip mixture is also typical in the case of single-lip drills. Thus, in a front 
view (fig. 2) the single-lip drill looks like a "tart" from which a portion has 
been removed, the resulting gap constituting the corrugation 14. The 
corrugation 14 has two boundary surfaces 17, 18, more particularly at an 
obtuse angle to one another and whereof the surface 17 is directly adja- 
cent to the bit 12. The corrugation 14 extends along the drill axis 23 into 
the vicinity of the drill shank, where it ends. During the drilling process 
there is a chip bin in the vicinity of the shank and collects the removed 
coolant-chip mixture. 
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[036] The bit 12 is located in the front area of the drill head 11. It is the 
part of the drill head 1 1 on which are located the cutting edge 19 (outer 
cutting edge), tool face, clearance 20, chip former 21 and inner cutting 
edge 30. 

[037] Fig. 4 shows a typical bit or cutting wedge geometry for the single- 
lip drill. The cutting wedge is bounded by the clearance 20 and the tool 
face, which in the embodiment shown is represented by the chip former 
21 . The rake angle y is the angle between the tool face and an imagi- 
nary line S perpendicular to the machining face of the workpiece 16 to 
be machined directly at the cutting edge 19 or inner cutting edge 30. 
Outside the "cutting edge area", the angle is known as the tangent angle 

* 

r • 

[038] The clearance angle a is the free angle between the clearance 
and the worked surface. If it were 0°, then the clearance would rub 
strongly against the workpiece surface. Large clearance angles reduce 
the clearance wear, but favour the chipping away of the cutting edge. 
Thus, the clearance angle is made sufficiently large for the tool to cut 
sufficiently cleanly. 

[039] The wedge angle 3 is the angle of the cutting wedge penetrating 
the workpiece. Its value is determined by the material to be machined 
and, together with the clearance angle and rake angle, always gives an 
angle of 90°. Thus, in the case of a rake angle of 0°, coincidence takes 
place between the tool face and the imaginary line S perpendicular to 
the machining surface. If the sum of the clearance angle and the wedge 
angle is smaller than 90°, then the difference at this value from a positive 
rake angle is referred to. Thus, a negative rake angle occurs if the sum 
of the clearance angle and the wedge angle exceeds 90°. 
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[040] The cutting edge 19 or inner cutting edge 30 is the line where the 
tool face and clearance are in contact with one another. It comes di- 
rectly into contact with the workpiece 16 to be machined and is respon- 
sible for a cutting off of chips 22. 

[041] As shown in fig. 1 , the cutting edge 19 is at an angle to a drill axis 
23 and extends from one outer face 24 of the single-lip drill to its drill 
point 25. In the embodiment described a chip former 21 is only associ- 
ated with the cutting edge 19 (outer cutting edge). The chip former 21 is 
directly adjacent to the cutting edge 19 and runs parallel thereto be- 
tween the outer face 24 and the drill point 25. The chip former 21 is sha- 
ped like a slot with a U-shaped cross-section (figs. 3, 4 and 5). It can be 
subdivided into two areas, namely into a chip guide face 26 substantially 
directly adjacent to the cutting edge 19 and which is used for guiding the 
chips 22 and into a chip break section 27 at a distance from the cutting 
edge 19 and which is used for breaking the chips 22. 

[042] As shown in fig. 4 and in particular fig. 5, the chip guide face 26 
extends from the cutting edge 19 to the bottom 28 of the slot. The chip 
break section 27 follows on directly to the chip guide face 26 and ex- 
tends from the slot bottom 28 to the boundary surface 17 of corrugation 
1 4. It is a characteristic of the chip guide face 26 and chip break section 
27 that the chip compression for the chips 22 which are formed con- 
stantly increases until chip break finally occurs in the chip break section 
27. 

[043] The ever greater chip compression is brought about by the curved 
chip guide face 26 and the also curved chip break section 27, the tan- 
gent angle constantly changing starting from a relatively large rake angle 
y. This is e.g. represented by four different rake or tangent angles y, y* 0 , 
y*i in four different areas of the chip former 21 . The rake or tangent an- 
gle y respectively y* can be determined by applying a tangent to the chip 
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former curvature in the relevant areas. Chip compression is lowest at 
the cutting edge 19 and this is represented by a large, positive rake an- 
gle y. The inclination between the imaginary line S perpendicular to the 
machining surface of the workpiece 16 and the chip guide face 26 in this 
area is consequently at a maximum. A low chip compression reduces 
the surface loading of the chip guide face 26 in this area, e.g. friction be- 
tween chips 22 and chip guide face 26 is reduced. The compression of 
chips 22 becomes greater towards the slot bottom 28, which is e.g. illus- 
trated by the rake angle y\, which is smaller, i.e. less positive than the 
rake angle y. 

[044] The rake angle y* 0 is high at the slot bottom 28, where the chip 
break section 27 commences, being characterized by high chip com- 
pression represented by a negative tangent angle y*. There is a contin- 
ual chip compression rise in the chip break section 27 and it is at a 
maximum at the transition to the boundary surface 17 of corrugation 14. 
This is shown in exemplified manner by the large negative rake angle 
y 2 . The precise breaking point of chip 22 is dependent on several fac- 
tors, e.g. the deformability of the workpiece material, the drill machining 
rate, the steepness of the chip break section 27, the weight of the chips 
22, etc. The spacing between the chip break section 27 and the cutting 
edge 19 also influences the chip size. A desired chip size can be set by 
varying this spacing. The spacing is preferably 0.3 to 0.6 mm. 

[045] Fig. 5 shows a functional coating 29 of the single-lip drill, exempli- 
fied by the coating of the chip former 21 . The main function of the func- 
tional coating 29 is to reduce wear on the functional surfaces participat- 
ing in the cutting process. Such functional surfaces are e.g. the bit 12 
with cutting edge 19, chip former 21 , clearance 20, the work guides 15 
used for supporting purposes in the hole and the boundary surfaces 17, 
18 of the chip-removing corrugation 14. Particular importance is at- 
tached to the coating of the cutting edge 1 9 and chip former 21 , because 
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the greatest wear occurs there. The functional coating acts in friction- 
reducing manner, so that there is a reduction to the friction between the 
chips 22 formed and the chip former 21 , particularly the chip guide face 
26 thereof, which leads to reduced heat evolution in this area. The func- 
tional coating 29 also protects the surface of the chip guide face 26 and 
the chip break section 27, so that it is possible to prevent cratering or 
pitting, in which material chips off the surface as a result of the impinging 
chips 22. The functional coating 29 also reduces adhesion, so that in 
the vicinity of the cutting edge 19 it is possible to avoid so-called "built- 
up cutting edges", namely a material welding between chips 22 and cut- 
ting edge 19. 

[046] The material of the functional coating 29 is a metallic hard mate- 
rial, particularly titanium aluminium nitride. As shown in fig. 5, the func- 
tional coating 29 can have several layers, i.e. forms a type of multilayer 
coating. This is exemplified by a functional coating 29 consisting of 
three layers. The bottom layer in direct contact with the chip former 21 
is a hard material layer 29a, above which there is a soft material layer 
29b, which is covered by a further hard material layer 29a, which in turn 
forms the outer layer constituting the surface. 

METHOD FOR THE MANUFACTURE OF A SINGLE-LIP DRILL AND 
DRILLING PROCESS 

[047] For the manufacture of the single-lip drill, firstly the drill shank is 
produced by cutting to a corresponding length a raw material. The raw 
material can be an in particular steel tube, so that the tube interior forms 
part of the coolant supply channel 13. This is followed by the application 
of the corrugation 14 for removing the coolant-chip mixture, e.g. by roll- 
ing in the drill shank. 
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[048] The hard metal drill head 1 1 is produced by a sintering process, 
the drill head-side part of the coolant supply channel 13 and the corruga- 
tion 14 being already provided. 

[049] The sintered drill head 11 and drill shank are integrally joined by 
brazing. 

[050] It is alternatively possible to produce the drill head 1 1 and drill 
shank from one sintered hard metal piece. 

[051] This is followed by the grinding in the drill head 1 1 of the bit 12, 
together with the cutting edge 19 and chip former 21. The final method 
step involves the chip former 21 being provided with the functional coat- 
ing 29. Compared with conventional production methods, where the fi- 
nal step involves the grinding in of the chip former, this offers the advan- 
tage that a coating of the chip former 21 with the functional coating 29 is 
ensured. 

[052] In the case of spot drilling single-lip drilling tools must be guided in 
a spot drilling bush, because the drilling forces do not cancel one an- 
other out, such as is e.g. the case with twist drills having two bits. Thus, 
the tool must be supported or guided during the drilling process. 

[053] Thus, in the single-lip drilling process, the single-lip drill is initially 
guided in the drill bush, which is located in a drill bush support. When 
the tool enters the hole, the latter then takes over the guidance function. 
Alternatively a guide hole can take over the function of a drill bush. 

[054] Thus, the bit 12 of the drill head 11 penetrates the workpiece 16 to 
be machined. The cutting edge 19 comes directly into contact with the 
workpiece 16, so that chips 22 are cut off. A cut off chip 22 firstly strikes 
the chip guide face 26 of the chip former 21 in the vicinity of the cutting 
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edge 19. The positive rake angle y ensures that no pronounced com- 
pression of the chip 22 occurs in the vicinity of the chip guide face 26, 
which ensures that said chip 22 is shaped and does not break. As a re- 
sult of the changing curvature of the chip guide face 26, the compression 
or pressure on the chip 22 is continuously increased. The chip slides 
along the chip guide face 26 and reaches the chip break section 27 
where, as a result of the negative tangent angle y*. it is strongly com- 
pressed and finally breaks. As a result of the variation of the spacing 
between the cutting edge 1 9 and the chip break section 27, the size of 
the chip can be set in planned manner, so that it can be adapted to the 
coolant conditions, e.g. a minimum quantity lubrication. It is possible to 
vary the curvatures or gradients of the chip guide face 26 and/or chip 
break section 27, so as in this way to produce a given chip shape or chip 
size. 



